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Purpose
The primary goal of this study is to formulate mucoadhesive buccal films containing 
adipic acid (APA) and xylitol for the treatment and/or amelioration of xerostomia (dry 
mouth condition) using Hot-Melt Extrusion (HME) and Fused Deposition Modeling (FDM) 
three-dimensional (3D) printing. 
The second goal is to assess the stability of the formulations under accelerated 
conditions to evaluate the drug content, drug release and mechanical strength of the 
formulations after storing under accelerated conditions for three months. 
Results
Filaments were successfully extruded with a diameter of 1.75 mm±5 mm appropriate for
feeding into the 3D printer. The printing properties of all of the formulations were
acceptable (Table 1) and the breaking forces ranged between 176.9 g ±8.6 g to 257.5 g
±9.2 g. Filaments with higher polymer content demonstrated higher stiffness. The
breaking distances ranged between 4.06 mm and 6.47 mm showing suitable toughness.
Additionally, the high stiffness constant values that ranged from 72.03 g/mm3 to 140.5
g/mm3 predicted better printability. The films were printed in a line pattern with a 100%
infill.
The APA DSC thermograms (Figure 1) showed an endothermic peak at 154.33°C that
disappeared in the extruded filaments and in the printed films, which suggests
solubilization of the APA in the polymeric carrier. The APA content for all the printed films
was within 90%-110%. The release profiles (Figure 2) for all of the formulations showed
100% of APA released within 30 minutes. Adhesiveness values ranged between 0.20 and
0.73 (Table 2). It was observed that the highest adhesiveness value corresponds to
formulations with the maximum APA load of 40% which suggests that APA increases
adhesiveness of the film. After storing the 3D-printed films for 3 months under accelerated
conditions, the drug content values averaged 97.37±5.26. Drug was rapidly released from
the formulations and 100% release was realized in the first 15 minutes (Figure 3). Yet, the
films did not have sufficient strength which is probably due to the breakage of the polymer
backbone. The decreased integrity should not be a drawback since it is unlikely that the
filaments or films will be stored in these tough conditions. Especially, that the films stored
under normal conditions had appropriate strength as well as drug content of 91.68% and
complete release of the drug realized in 30 minutes.
Table1. Mechanical strength parameters of the APA extrudates
Conclusion:
Results of the study present an alternative formulation
approach for treatment and/or relief of xerostomia by
combining HME and FDM-3D printing for the
development of mucoadhesive films containing adipic
acid and xylitol as salivary gland stimulants. The printed
films stored under 40 °C/75%RH, and 25°C/60%RH were
stable for 90 days.
Methods:
Formulation designing and HME: Six different formulations were designed to contain
20%, 30%, and 40% of APA, an organic acid known to stimulate the salivary glands to
increase saliva secretion, and polyethylene oxide N80 (Polyox -N80) as the polymeric
carrier. Three of the formulations also contained 10% xylitol, added for a synergistic
action since xylitol not only stimulates the salivary flow but also promotes mineralization
and prevents dental caries. The physical mixtures were extruded using a co-rotating
twin-screw extruder with 11 mm screws (Thermo Fisher Scientific, Waltham, MA, USA).
Mechanical strength testing: Three-point bend test was used to evaluate the
printability of the extruded filaments using a TA-XT2 texture analyzer (Texture
Technologies, Hamilton, MA, USA) and a TA-95N probe.
FDM 3D-printing: Filaments that exhibited appropriate stiffness and flexibility were 3D-
printed to a rectangular-shaped film using a commercial FDM-3D printer (Prusa i3 3D
desktop printer, Prusa Research, Prague, Czech Republic).
Differential Scanning Calorimetry (DSC): The thermal characterization of the physical
mixtures, filaments and the 3D-printed films was performed using (TA DSC 25) with a
heating rate of 10 °C/min from 25 °C to 200 °C.
Drug content and the in vitro drug release profiles: The amount of APA in the printed
films was estimated using HPLC-UV system (Waters Corporation, Milford, MA, USA),
and Atlantis T3 C18 column from Waters. Also, the amount of APA released in simulated
saliva (pH 6.8) was quantified after a 1 mL sample was withdrawn at 5,10, 15, 30, 45,
and 60 minutes.
Adhesiveness: The degree of adhesiveness of the printed films was assessed by a TA-
XT2 texture analyzer (Texture Technologies, Hamilton, MA, USA).
Stability testing: The films were sealed in Aluminum bags and stored in the stability test
chambers (Caron 6030 Environmental Test Chamber, Caron Products and Services,
Marietta, OH) under accelerated conditions of 40 °C/75%RH and 25°C/60%RH. Stability
tests were performed in triplicates.
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Figure1.  Thermograms for pure drug, polymer, xylitol and 3D-
printed films 
Figure 2. Adipic acid in-vitro drug release profile of printed films
Table2. Bio-adhesive test parameter of the APA-printed films
Figure3. Adipic acid in-vitro drug release profile after storing  
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